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ABSTRACT 
The Smoky River Group mapped regionally in the Grande 
Prairie area includes the Cardium, Bad Heart, Doe Creek, and 
Chinook sandstones. The lithofacies of the Cardium Formation, 
interpreted from core, form a regressive sequence, grading 
bottom to top from open marine and lower shoreface shales 
and silty shales, to massive middle shoreface and tabular 
laminated upper shoreface sands, through to carbonaceous 
lagoonal or restricted bay mudstones, interrupted occasionally 
by cross-laminated channel sandstones. The distribution of 
these lithofacies is mapped using theoretical time lines 
between known time markers, including the First and Second 
White Specks. On a west -edst Stratigraphic cross section the 
Cardium and Bad Heart sands both remain roughly time line 
parallel, but on a SW - NE cross section these sands are 
strongly diachronous across the theoretical time lines. 
Regional maps through time show that after the Grande 
Prairie cegion was inundated by a vast open Weenie a 
NW ~ SE trending beach/barrier sandstone lithofacies of 
the Cardium migrated northeastward across the region. Then 
the area to the south underwent a period of non-deposition 
and/or the sediments were partially removed before the 
subsequent marine transgression of the Muskiki Formation. 
Later, the shoreline of another sandstone zone (Bad Heart), 


also trending NW — SE, migrated across much of the Grande 
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Prairie region. 

Doe Creek sandstone deposition, the first Smoky 
River Group deposit associated with shallowing of the 
Kaskapau sea, migrated as a NW “ SE trending zone from the 
SW to the NE. This zone of sandstone defines an approximate 
shoreline, the location of which is shown on one regional 
map. 

The Chinook sandstone, last of the Smoky River Group 
sandstones (examined in core from only one well), is a 
regressive deposit similar to the Cardium and Bad Heart, 


and was deposited along the western edge of the map area. 
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INTRODUCTION 
PURPOSE AND LOCATION 


The purpose of the study was to map and interpret the 
stratigraphy and lithofacies variations during deposition of 
the Upper Cretaceous Smoky River Group in the Grande Prairie 
Region of Alberta. This required regional correlation and 
mapping of the sand-shale sequence of the Smoky River Group, 
Which includes the Doe Creek and Cardium sands of the Kaska- 
pau Formation, and the Bad Heart and Chinook ee rane 
Muskiki and Puskwaskau Formations (Table 1). The map area 
runs. from 54°00! N ‘to 56°00" Nand 118°00'wW to 120°00" w, 
or, approximately townships 60 to 80 west of the sixth meri- 


dian in Alberta, about 9,800 square miles (Figure 1). 


PREVIOUS WORK 


Previous published work on the Upper Cretaceous 
marine section in the subsurface in the Grande Prairie 
Region is included in a paper by Burk (1963). Burk 
gives preliminary results of a regional subsurface strati- 
graphic analysis of the Upper Cretaceous in west-central. 


Alberta and adjacent British Columbia, Additional litera- 
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Upper Cretaceous Smoky River Group sediments. 
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ture is reviewed in the introduction of the report by 
Burk «CL963):. 

Recently, most of the work in: the subsurface has 
concentrated on the Cardium Formation, with the trend being 
LO interpret processes and environments of deposition. 
Papers by Berven (1966), Crossfield-Garrington Area; Sinha 
(1970), Edson Area; and Michaelis and Dixon (1969) 
provide examples of this. 

Three vertical successions interpreted using sedimen- 
tary structures and textures for recognition of depositional 
environments are discussed in a paper by Davies, Ethridge, 
ane Berg. (1970) Purther examples. are .oiven om Jine, environ 
mental characteristics of Upper Cretaceous units in the area 
Of Hel pers= Utah"! "(howard «19715, “unpublished literature of 
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METHOD OF STUDY 


A total of 244 wells were selected for study, giving 
an average density of about one control well per township. 
In fact, every available well was used except in the far 
west between townships 77 and 80 W6M, where there are many 
wells (Pouce Coupe and S. Pouce Coupe gas fields). Here, 
an average of one well per township was selected in order 
to maintain uniform well density control. | 

The study began with detailed examination and logging 
©£.core. More than, 1000. feet of: core in,.9 welks was logged. 
Each well contained Cardium core, three included Bad Heart, 
androne ,cut’ Chinook cores, Onlyweore in the southern half 
of the map area was examined, because this was slabbed (for 
the most part) and because the Cardium sandstone appeared 
to be best developed in this area. 

Most of the logged core was photographed, 15 feet at 
a time, (the negatives were printed backwards so that the 
resulting photographs could be placed side by side and 
read continuously from top to bottom by scanning them from 
left to right) and an interpretation of environmental 
lithofacies was made of the Cardium photographs. 

Generalized lithofacies were then interpreted from 
electric logs to extend the distribution of the Cardium 
and other Smoky River Group sands regionally over the 
entire area. Core examination of every well in the map 


area would have been too expensive and time consuming (58 
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wells’ cut core in the Upper Cretaceous Smoky River Group 
an-the area ‘of study) . 

The distribution of the lithofacies was mapped in 
both space and time using a somewhat experimental approach. 
Theoretical time lines were inserted between known time 
markers by simply subdividing the thickness using constant 
ratios. Thence it was possible to obtain a sufficient 
interplay of time lines with a rock unit (formation) in 
order to map its distribution time-wise. In the subsurface 
of the Grande Prairie region, the known time markers are 
ene First and Second White Speckled shales.” As earlier 
work has shown the First White Specks to be only slightly 
diachronous across a large region of Western Canada (Park, 
1965), both these markers were assumed to be essentially 
isochronous within the limits of the map area. 

Five theoretical time lines, calculated for the 
interval between the First and Second White Specks markers, 
were plotted on each well. The Cardium and Bad Heart 
Formations, time-transgressive rock units deposited within 
the interval between the First and Second White Specks, 
were mapped using this approach. The same technique, 
adapted for the purpose of mapping lithofacies in the Doe 
Creek Member, produced results considered to be acceptable 
within the limits of the inferences and assumptions inherent 
in the method. 

It is emphasized that the method used in this study 


to map the Lithofacies of the Smoky River Group sands is 
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an experimental: approach. -As a preliminary study.initiated 
in an area having relatively sparse well control, it is 
probably safe to say that the method gives reasonable 
results to a first approximation. 

In several wells, repeated sections (arising from 
thrust faulting in the adjacent disturbed Foothills belt), 
which were recognized had to be eliminated. The repeated 
sections were cut from the logs before the addition of the 
time lines. Recognition of repeated sections and their 
subsequent removal is an important procedure in the method. 
If omitted, anomalous lithofacies will be found because of 
the increased thickness of particular sections. 

Another problem arises of course if there are uncon- 
formities present. An erosional hiatus gives rise to the 
absence of a variable thickness of rock, and the assumptions 
inherent in the uniform division, of-a section by. theoretical 
time lines based upon known marker horizons become invalid. 
New time planes can be approximated above the hiatus, but 
must be problematical below unless it is possible to deter- 


mine how much of the section has been removed. 
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STRATIGRAPHY AND GENERAL DEPOSTTIONAL HISTORY OF THE 


UPPER CRETACKROUS IN THE GRANDE PRAIRIE REGION 


This outline is intended to introduce the reader to 
the Upper Cretaceous stratigraphy in the subsurface of the 
Grande prdigia LeGLoOng /Vinvadadi tion, “Lhiigtves “an taccount of 
the general depositional conditions, based on the inter- 
prétations of previous authors. The distribution of the 
lithofacies of the Smoky River Group in the Grande Prairie 
region was mapped regionally in this study. The maps, 
interpretations, and conclusions of this study will be 
discussed later, 

At the beginning of Late Cretaceous time, the interior 
of Western oanade was occupied by a broad, epeiric sea, 
extending in width from the present Rocky Mountains to 
east of the Manitoba escarpment, connected with the Arctic 
Océansto the Northvand with the Gulf of Mexico’ to the South 
(Williams and Burk, 1964; Berven, 1966). Sediments deposited 
therein probably were derived from a rising borderland to 
the aie ase on LI6GGerto. 0210) 3 

During thisstime;ithick; darkigrey/? manne -shalesvof 
the Shaftesbury Formation were deposited. A sandy zone 
containing fish remains, associated with the ammonite genus 


Neogastroplites, marking the Lower-Upper Cretaceous boundary, 
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occurs near the middle of the formation (Williams ana 
Bugis, (LIo4) ..lk is called) thewbish SealLes.zone and.has 
been widely used as a subsurface datum in Alberta. The 
electric-log marker related to this zone and correlated 
ineathis papers. (Grossasections L.and 2).is. a, Little. lower 
than that used by. Burk) (1963) ..The concentration of fish 
remains could indicate volcanism which poisoned the sea, 
killing off the fish; or it may be a lag deposit repre- 
senting a period of slow deposition (Williams and Burk, 
1964). 

During the Cenomanian Age, uplift and intrusion 
began to occur in north-central British Columbia. Coarse 
clastics, carried by easterly flowing streams, were de- 
posited in northern Alberta (including the Grande Prairie 
Pe Gdee and adjacent British Columbia as the Dunvegan 
delta, complex. (Burk, 19633: Fig...10)...,Following,.the.main 
episode of building the Dunvegan delta complex, the sea 
transgressed across these deposits. 

Predominantly shaly beds of the Kaskapau Formation 
(the lowermost formation of the Smoky River Group) con- 
formably overlie the Dunvegan. Although the source area 
Waserelativaly etaple at.this time, periodic uplitts 


occurred and were recorded by influxes of coarser clastics 


ay Met) a = Leste 
it ol / => sey et a Se Re 


odt . -etteatl~An al mege% 


fa 6.268 baa we 


rn es he BIOS (eka oO. Welas Seem bots 
TOWoi CL Said se = > (% Bite pent }Y J - 2 ¢ 2 i mi eae 
tga 4 teste Ih lo seri (Oct ed va es bse! 
Beg art Henésiog: faa) nites iy mL ayy pote change Stet 
~ i 447% F may [ = 0 Ec 


3 J ' we . 
ahh Boe sae cll ley . cote, 


a : »2 Z i , _ 7 | ; 4 
fits. on; fers eA © LEE sven att pee a 
36 n\n _ _ a 
S615.) equities) ot 48 Let tigih As — ae 
<Q ; = 2%) ’ os. sh fa Sebes 


wEee « 


pecewodz 3 seaas Vici. pabsiage | 

eisies! gba sae ee) need stot, 7 
VGH StF of sheap leo; ahd od Seca S 

micheal RAEI, ate f +3 sie ewes : Recor” 


ate eikzocsb eae) Stowe. 


+ aces agri shh to. obed silt gga ee | 
ae dayyeine ceo wien: suis go eet SN 


— 


aa pe aie Howagisgg series ae a 


ee =e Bae soins ane Ws ig. oe rae 


3 bee 
~ ao 4 Ta res 
7 7 


Paey 
< 


acai 


LO 


forming thin sandstone tongues. iene Grande Peannre 
region, the lower Kaskapau Formation contains one such 
sand, named the Doe Creek by Warren and Stelck, (1940). 

Harley “Liy Chet Tucontan,”’ Cond1tLvons of maximum. trans— 
gression of the sea favoured deposition of calcium car- 
bonate. In Western Canada (including the Grande Prairie 
region), calcareous white-speckled shales, known as the 
Second White Specks zone, were formed (Williams and Burk, 
1964). The stratigraphic electric-log marker for this 
zone is chosen near the top of a shale of relatively high 
electrical resistance and corresponds to that used by 
Burk .( 1963) 

Later, during mid-Turonian time, shallowing of the 
sea produced dark, non-calcareous shales. Shallowing 
continued during the late Turonian, as terrigenous clastics 
of the Cardium Formation caused the western shoreline to 
migrate seaward. The Cardium grades upward from the under- 
lying Kaskapau shale into basal marine sandstone followed 
by non-marine sandstone, averaging sixty feet thick in the 
Grande Prairie region. The sandstone is overlain by non- 
marine shale, siltstone, and coal. Beach, barrier island, 
lagoon and tidal swamp deposits characterize much of the 
Cardium in the Grande Prairie region (Williams and Burk, 


1964). 
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Renewed subsidence during Coniacian time shifted the 
shoreline generally westward across the map area, and the 
Cardium was overlain by the dark grey, marine shale named 
theaMuskikitPormataonybysStot twi(1L96L) ww .Thesesbeds: die 
With slight disconformity on the Cardium in the Grande 
Prairie. region, Pthis disconformity, «vecognized in the sub- 
suciace; wild-be discussed» inedetail dater; 

Following deposition of the shales of the Muskiki 
Formation, the sea began: to shallow once more with the onset, 
Of deposition ofothesPedylcart sandstone. 

"The almost exclusively arenaceous assemblages 

£ Foraminifera in the upper (Kaskapau) Muskiki 
shale indicate a quite shallow, probably cool 
water environment. Further shallowing of the sea 
just prior to deposition of the Bad Heart sand- 
stone.is suggested by the presence, for a short 
interval below the sand, of coarse-grained rep- 
resentatives of Involutina, Haplophramoides, and 
Reophaxi Ve (Wadia L960¢tpicd38)e 

In the subsurface, the Bad Heart zone, from 40 to 
over 100 feet thick, is recognized from the resistivity 
logs; however, the spontaneous potential curves rarely 
indicate sandstones more than 80 feet thick. The Bad Heart 
probably grades from marine at the base to non-marine towards 
the top, as described) by McLearn, (1919). .,However;«in; the 
few cores examined from the Grande Prairie region, the 


formation appears to not have developed the various easily 


recognized lithofacies seen in the Cardium. 
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"After the deposition of the Bad Heart, the water 

probably deepened somewhat, although remaining 

relatively shallow, as revealed by the assemblages 

of finely arenaceous species in the lower part of 

bherPuskwaskautehaley!™ (Wall, Voo07s pe 3}: 
Several hundred feet of shale were deposited over the Bad 
Heart Formation in the map area during late Coniacian and 
early Santonian time. 

"The occurrence of the pelagic microfauna of 

Gumbelina and Globigerina to the virtual 
exclusion of arenaceous Foraminifera in the 
'white-~speckled shale zone’ is indicative 

of further deepening and of a connection with 
a vast interior seaway te the south and east." 
(ae Mae ocOyeo1 3) 2 

The "white-speckled shale zone" mentioned above is 
referred to as the First White Specks zone. The electric- 
‘log marker for this horizon used in this study again corres- 
ponds to that used by Burk (1963); chosen near the top of a 
shale of relatively high electrical resistance, 

With the onset of tectonism in the Cordillera in the 
late Santonian, interbedded sand and mud were deposited as 
shoreline conditions oscillated across the present foothills 
pOsitacon: (In ouwlerop, west of the Grande Prairie cegion, 
five sand members (namely: Dowling, Thistle, Hanson, Chungo, 
and Nomad) in the Puskwaskau Formation have been recognized 
(Stott, 1961). The Chungo member is the most prominent, 


and occurs throughout the foothills. The equivalent sand- 


stone occurs in the subsurface in the western part of the 
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Grande Prairie region, where it is named the Chinook sand- 
stone (StOLE, personal communication). Chinook sandstone 
core was examined in only one well (Bailey Selburn-Regent- 
C.F. P. Trail 15-30-64-9 WOM), -Here the Chinook. is about 
50 feet thick and Llithologically differs from the Cardium 
and Bad Heart sandstones in that it has much more glauconite 
and contains thin beds of conglomerate. 

With further tectonism, the rate of sediment supply 
increased, and shifted the shoreline to the east (eventually 
as far as Saskatchewan). The Grande Prairie region during 
Campanian time underwent a major phase of continental de- 


position, beginning with the basal Wapiti sandstones, 
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CARDIUM LITHOFACTES 


Cardium core was examined in detail in 9 wells over 
the southern part of the map area. The particular wells 
weve wselected because They Contained the greatest amount of 
slabbed core, and because the corresponding electrical log 
characteristics were well developed. The purpose of the 
Core study was to interpret’ the Cardium lithofacies and to 
relate them, if possible, to electrical log features. 

Cardium lithology and sedimentary structures in the 
Grande Prairie area have much in common with the selected 
Cardium cores described by Michaelis and yixon (1969)*% 
Interpretations of associated sedimentary environments in 
both Recent and ancient sandstones have been made, notably 
by Davies, Ethridgejand Berg (1971), Péettijohn, Potter, and 
Siever (1965), and Howard (1971). 

Following is a description of the most commonly 
observed features of the Cardium Formation in the Grande 
Prairie region. This may serve as a guidelines for recog- 
nition of the Cardium lithofacies fY6m core. The interpre- 
tations “are baséd ean similar features described by obher 


authors. 
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RELATING CARDIUM LITHOFACIES TO ELECTRICAL LOG CHARACTERISTICS 


Molmapethetdastribution of the lathefacies of the 
Cardium Formation regionally,.it was necessary to supple- 
ment core examination with the more widely available 
mechanicallog data. *Whe electrical Logs, surtable-for 
sand-shale sequences, were used because they were the most 
widely available. 

The lLithofacies defined from core examination of 
several wells were related to the recorded electrical. log 
(particularly spontaneous potential) characteristics of 
these wells in the hope that the lithofacies could he 
interpreted from logs. Examples of the relationships follow, 
The lithofacies, interpreted from core, are schematically 


drawn on the electric logs. 


Well and Location Cored, Imterva 
i 1. Fo 2. Cutbank sace 525 0N 5307 


16-4-64-6 W6M (Fig. 2). 
This well has a simple sequence of facies which 
correlates with the electric-log characteristics, For 
example, the clean upper shoreface sands correspond to the 


S. P. log interval having greatest negative deflection. 
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2. 8. As Musreau Lake 5535-5739: 
12-20-63-4 W6M (Fig. 3). 


A straighforward sequence of facies correlates well 
with the electrical log characteristics. A channel sand- 
stone interrupts the interval of lagoonal muds which over- 
lie the beach/barrier sands. There is a corresponding S. P. 
deflection from the shale base-line on the left-hand side 


and a resistivity break on the right-hand side of the log. 


3B. Bailey Selburn-Recent— CC. Fy Py 6384'-6547' 
Trail 15-30-64-9 W6M (Fig. 4). 


Here the lithofacies do not consistently correspond 
to expected electric-log characteristics. For example, 
there is anomalously poorpiegastvesS.h. voertecaiony in; tie 
lower portion of the beach/barrier sandstone, interval 
6502'-6513', (explained datern)4: Withcut) core; thisemight 
have been interpreted as lower shoreface facies. 

The interval with @ood negative GS. Pa deflection, 
6453'-6502", would intudiively be expected ace correspond 
to beach/barrier sandstone. However, from the core the 
upper 19 feet (6453'-6472') of this is interpreted as 
channel sandstone. The break in the resistivity curve is 


possibly the clue to this change. 
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4, Triad Oil Co. -—- Pan-American 3068" 3154" 
Hazelmere 6-16-69-13 W6M (Fig. 5). 


Again, the. lithoracies do mot consistently corres- 
pond to expected electric-log characteristics. In the 
Comeadmentveerval from’ 3063) itorabout iEIGt chen logunas 
strong negative-~sS, P. deflection... The expected corres— 
ponding lithofacies is beach/barrier sandstone. Eom core 
study, it is found that the upper portion, 3068'-3094", 
consists of well developed channel facies, which is also 
Gee i ie with a“strong resistivity deflect tonson the log. 
The wWemaining. interval) 30904°-31is  wshould then besthe 
beach/barrier facies. From core examination however, 
approximately the Lower half (3106 S=B1 162): Gt sthive: intenval 
‘is found to be middle shoreface facies. 

To conclude, it appears that though one can Goa elec= 
trical log characteristics for a broad interpretation of 
Cardium lithofacies, the few examples examined in this study 
show that in detailed interpretations discrepancies may 
arise. Some are likely due to variations in porosity and 
permeability, as a result of differences in post-depositional 
diagenetic processes, such as cementation, Others may be 
caused by anomalous responses to spurious electrochemical 


factors related to the logging technique. Although incon- 
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was felt that gross lithofacies correlations could be 


extrapolated by means of logs over the map area. 
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USING ELECTRICAL LOGS FOR REGIONAL MAPPING OF CARDIUM 
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LITHOFACIES 


Two methods were attempted; one quantitative, the 
second qualitative. The first method was abandoned (for 
reasons explained below), but it is outlined here because 
it could probably be applied in areas which have greater 
Wellvand cote control, “lhe second) qualitative aporoach 
produced reasonable maps considering the relatively poor 
well and core control in €he Grande Prairie region, 

Method 1: Quantitative End — Member Mapping, 

This@is a statistical approach to mapping. which. has 
been described: by Krumbein and Sloss’ (1963). She thick— 
nesses of various lithofacies over given intervals in each 
well must be measured, For example, one interval could be 
defined to include everything between the Second White Specks 
and First White Specks markers. However this includes two 
sandstone formations, the Cardium and Bad Heart. It would 
probably be better to consider an interval which generally 
included only one sandstone formation; for instance it could 
be chosen to include everything between the Second White 
Specks and a point half-way between the Ficst and Second 
White Specks markers. This interval, or slice, named slice 
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Using a triangle for three-pole end-member mapping, it 
would be necessary to group some of the lithofacies as shown 
in Figure 7 (Krumbein Breesitoss. PIG33 Spi. 458) 4 

The measured thicknesses of the Lithofacies in each 
well would then be converted into percentages using the 


formula: 


5 7 cs " te fang 
Measured Thickness of Each Lithofacies x 100 
1 


Total Thickness of Slice No. 
The percentage distribution of the lithofacies in well A 


would be: 


— open marine: 33 7.376 
- upper shoreface: 33 1/3% 
— lagoon: 3.8. Ses 
in well B: 
' = open marine: 66% 
—- upper shoreface: 34% 
- Lagoon: 0% 
In web Cc: 
—- open marine: 100% 
- upper shoreface:;: 0% 
- lagoon: 0% 


Each well could then be plotted on the end-member triangle 
(Fig. 7). It would then be possible to superimpose an 
entropy function overlay onto the triangle. The entropy 
f£unceion applied to theylo00—percent. trianglesgives a sinale 
set of contour lines that display the interrelations among 
three end members. This function expresses the degree of 

: ~ 


"mixing" of the rock components in a stratigraphic unit. 


The function 1s set up so that a section with ‘equal parts 
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of open marine, upper shoreface, and lagoonal lithofacies 
has an entropy value of 100, and as the proportion of one 
end member or another increases, the entropy value becomes 
smaller, approaching zero as the composition approaches 
that of a single end member (Krumbein and Sloss, 1963; 

Dp. 405, & Pigs~l2-9). 

The eutropy figuresscould in tien be plokted’ oni a map 
and then contoured. The map would show the total distribu- 
tion of lithofacies deposited during the period of time 
given by slice No. 1. The procedure could be repeated to 
Map the interval given by “sities No.1 (Mig, G). 

The quantitative method of mapping was not used because 
it would have required detailed interpretation ard measure- 
ment of the lithofacies from logs. This igs not always 
reliable, as shown in the previovs discussion which related 
Cardium Lithofacies seen in core: to electrical log charac— 
teristics, The method would be even less reliable for slices 
which included the other sandstones of the Smoky River Group. 


Sufficient accurate date were not availiable to warrant the 


quantitative mapping approach, 


Method 2: Qualitative Mapping Using Theoretical Time Lines. 


To begin with, only the interval between the First 
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and Second White Specks markers was mapped. This includes 
the Cardium and Bad Heart sandstone, which were both 
studied in detaill from cores. “The Second White Specks 
marker has been shown to be a good time line (Park, 1965), 
and the First White Specks is assumed to be essentially 
Lsochronous across the map area, as explained in the method 
On study. 

A true isochronous marker, or time line, records 
a given geological event or occurrence which took place 
approximately simultaneously over a wide area. The event 


is often recorded in the rock record by the widespread 


disappearance of a non-facies controlled fossil or group 
of fossils. 

Where a formation climbs stratigraphically xelative 
to a time line, it was probably deposited as a time trans- 
gressive or regressive unit, that is to say, it was not 
deposited everywhere at the same time. In cross section 


1, the Cardium Formation climbs stratigraphically relative 


to the SW. This interpretation is based on the supposition 
that all time lines above the Second White Specks are 


parallel tO Lemiiig. 8) 


At least 400 feet of sediments are present between the 
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Sw 7 | NE 


TIME LINE C 


TIME LINE B 


TIME LINE A }-—— -——- ——. 


Figure 8. Theoretical time lines drawn parallel to 
the Second White Specks marker. - 
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Second White Specks marker and the Cardium sandstone. This 
imterval”thickens to more than S0@ feet to the SW. Tt is 
conceivable that during the time these sédiments were de- 
posited, time planes were not parallel to the Second White 
Specks. For example, assume fossils A and A' are the same 
age, LESewEse: Bam &'. ene iC tamd C,, and they occur as 
shown schematically in Figure 9. With time lines, A-A', 
B-B’, and C-C' the Cardium sandstone occurring SW of well Y 
eS Older than that found Neiot well YY... This cross. section 
shows that the climbing of tne Cardiuum in the section is 
due strictly to a thicker section of preserved sediments 

to the SW. 


Pecks asa datum 


Gs 


Now consider using the First White 
plane,” The theoretical? time: lines ©. 8) and Ni (Pag. e710) 
drawn parallel to the First White Specks show how illogical 
it would be to assume all time planes to be parallel to 
this datum. The Cardium here would be older to the SW and 


younger to the NE, as would be the Second White Specks. 
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This is incorrect because the Second White Specks 
to be nearly isochronous. 

True time Lines are probably subparallel to the First 
and Second White Specks markers, and may eventually be iden-~ 


tified by detailed paleontological study. 
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In this study, five theoretical time lines desig- 
nated by Roman numerals, were selected between the First 
and Second White Specks. The relative position of each 
one 1S explained in Bigure 11, The time lines were plotted 
on every well. This method assumes that the rate of de- 
position (net result of rate of supply. against rate of 
subsidence), varied uniformly across the map area, during 
the period of time bounded by the First and Second White 
Specks markers. 

It is true that this assumption does not provide 
time lines which are completely accurate. However, this 
approximation of time line mapping was used because it was 
thought that it would produce meaningful Lithofacies maps. 
Straighforward isopach mapping is useful for making initial 
interpretations, shown in a previous study, but tends to- 
make the sandstones resemble blanket deposits since the time 
factor is} not takenbiancoveccount (Bunk, L963) With the 
fairly successful interpretation of lithofacies from core 
(especially in the Cardium), and recognition of the litho- 
facies as regressive deposits which moved across the map 
area, time line mapping is advantageous in showing their 
distribution at several different times. The theoretical 


time Lines mayveventually by proven to be cutting islightly 


Si 
* 
? y we be}! qe 
aprach Benil: omes 
' j a ae 
4a Sf15. Raa } 
(ogo to FOLIA LeOg: 
. a Wing - ay 7 a 
a ~ . 
ahs cy Pa os ask é itt 
eo} ’ ‘ 3 < 
3714 rs 
— =" } f Lik. 


jE verti ser wei i : ; 
* : Sere F: z ‘ ; 


poem 
= 
] 
+ 
- 
rr) 
- 
ny 
4 
~ 
4a 
‘ 
= 
is 
= 
‘ 7 
ar a 
9 abe es 
- = "2 
a —A  l® ae 
— . — : 
Sent eee ae 
- - 4 


ee" 
‘ A 7 
as 
. : = e : 
aE ed ; , i plat =)? ae, At td 
“Sa Sor pack, BOLI SEH, Bae a ale 
Py Et : 
, <3 4 . 6 f =>. 
= ee a. 2 2 da) ate 


ts 3 Sy trot ee Si votes baleen ie it 


SRG IN ) ete tire nes 
e ae “Sr, ee Kt 


Ny, 


J pbtrie Bo Pamdab? dames 


. ‘ ‘ y TS 
OHS  ILe Pita: one) SODD > Si 4 
ek se Is eae Lee 


7 


gTO2 Pee acisateds HEF 35 eae 
2 Atk ~seais: SE 


~onmat a ssnesiiginafons be eget 
cre a 


1 
ia’ —— 
— oo 2 


; ia inor -SetD ancxie: beech y bine esina 
pied eniveds ft ecm gaint ba sin] Ey as 
St 3 hae pene eT? 


es Es iow. - 


47 


Stanolind Big Mtn. 
Creek Crown #A-—]l' 
3~26-66-7 W6EM 


FIRST WHITE SPECKS 


TIME LINE VI: hadley fe WAY BETWEEN 
: 1 WS AND 2 WSs 
___..- HALF-WAY BETWEEN TIME 


PM EINE 9 ee 
: LINES LV AND VI 


VM oly Ne P =| AGF -WAY BETWEEN 
: capensis! Se 1 WS AND 2 WS 
Sea 
PeUMRiag ys od del ope Leis a Rie HALF-WAY BETWEEN TIME 


LINES LL.AND V 


oe 2/3 WAY BETWEEN 


DIMES LINE Li: 
f 1 WS AND 2 WS. 


200 
SCALE 
100 
(FEET) 
—~—_———- SECOND WHITE SPECKS 


2 WS 


Figure ll: Five theoretical time lines selected between 
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Mp or dow 4an “timel Lf So, “the (oints of inter'section of 
the wells by time lines and thence the geographic posi- 
tions of the boundaries between lithofacies would be 
Pieced, However), 1fethe implications of the inaccuracies 
ereprealazedguwats 1s still. possible@wto, gain 4a ,userul, picture, 
only the details of which may be in some doubt. 

Before mapping the sandstones regionally, some 
generalizations of the Lithofacies of the Cardium and Bad 
Heal tawere meade.  Phevyeare 11 istrated. on apsample) log in 
Figure 12, and described in Table 2. Each well was inter- 
preted tes be in one of these lithofacies at each position 


Wherewa toumewline antemcocected the well. 
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Figure 12. Generalized lithofacies related to the Cardium 
and Bad Heart between the First and Second White 
Specks markers. For explanation of symbols see 
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LOG CHARACTERIZATION 


—— Sa 


Minimal S. P. and re- 
Sistivity response be- 
tween the Second White 
Specks and the base of 
the Cardium sandstone. 


Strong S. P. and resis-— 
tivity deflection asso-- 
ciated with Cardium 
sandstone, 


Poor S. PP. and rather 
poor resistivity de- 
flection associated with 
the Cardium sandstone. 


Little S. P. deflection 
but strong resistivity 
kicks above the Cardium 
sandstone. 


Low S. P. and resis- 
tivity deflection above 
the Cardium zone and be- 
low the base of the Bad 
Heart zone, 


Good S. P. and resis- 
tivity response asso- 
Ciated with well deve- 
lLoped Bad Heart sand- 
stone. 


Table 2, Log Characteristics 


Llithofacies is based, 
(ead 
id 


jecond White 


LITHOFACIES DESIGNATION 


OM — Open marine facies (in- 
cluding lower shoreface and 
possibly some middle shoreface 
sediments) deposited prior to 
Cardium beach/barrier facies. 


BB — Upper shoreface, beach/ 
barrier island facies of the 
Cardium. © It could include some 
middle shoreface sandstone be- 
low and some channel sandstone 
facies above. 


OM/BB - Poor development of a 
beach or barrier -example: 
Localized development of a 
small offshore bar. 


tL — Lagoonal facies: the resis- 
tivity Log usually has charac- 
teristic high deflection pro- 
bably due to the associated car- 
bonaceous matter in these mud- 
stones. Some channel sandstones 
may be grouped in this interval. 


M (BH) - the marine shales be- 
tween the Cardium and the base 
of the Bad Heart zone, 


SST (BHZ) ~- this interval de= 
fines the Bad Heart zone with 
significant development of 
sandstone giving noticeable S,. P. 
deflection from the shale base- 
line, 


(Continued,..next page) 
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LOG CHARACTERIZATION 


Poor S. P. response 

but usually rather good 
resistivity response 
defining the Bad Heart 
zone. 


Poor S. P. and resis-— 
tivity response asso- 
ciated with deposits 
overlying the Bad Heart 
zone, 


LITHOFACIES DESIGNATION 


OM (BHZ) 


defines 
with no 
ment of 
ponding 


the sha] 


—- This interval 
the Bad Heart zone 
significant develop-— 
sandstone: corres- 
Low deflection from 


.e@ base-~-Line, 


OM (ABHZ) - Open marine 
Ssllabes daepesited above the 
Bad Heart zone. 


Table 2 (Continued). Leg characteristics upon which 
the cnoice of lithofacies is 
based, between the First and 
Second White Specks markers. 
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MAPPING THE DOE CREEK SANDSTONE 


The Doe Creek is the oldest sandstone member of the 
smokysRiver Group. fits distribution was mapped iin, relation. 
to a point in time given by theoretical time line I (Map 1). 
Timermine 1 is detined by.themtormu la: 


Second White Specks Marker (depth) + Base of Fish Scales 
Marker (depth) 


Originally, it was intended that the A eeway point between 
the Base of Fish Scales and Second White Specks markers 
define time 1. However, this line intersected too many 
wells too far below the Doe Creek, 

Beginning in the northern part of the map area, time 
line I consistently intersects the wells much below the 
Doe Creek (i.e. in the Dunvegan). Moving slightly south- 
ward, time line I intersects the wells progressively nearer 
and nearer to the Doe Creek, Centre of gravity mapping 
was used to show this progression. Procedure: (refer to 
Fig. 13)... The distance (X) from the Doe Creek zone pick 
to the centre of Doe Creek sandstone development and the 
total distance (Y) between the Doe Creek zone pick and time 
line I were recorded. 


The ratio, X/¥ x 100, gives the relative centre of 
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Gravity (4), (Krumbein ena Sloss, 962" pp. 479). THe 
smaller the value of the relative centre of gravity, the 
Yonger Doe Creek deposition was from occurring. The 
greater the value, the nearer Doe Creek deposition was to 
occurring relative to time I. These values were calculated 
for every well Im which time line I intersects the well 
below the base of any Doe Creek sandstone development. 

If time line I intersects in Doe Creek sandstone, 

a yellow dot is assigned to the well (Fig. 14 - well A). 

If it intersects above sandstone development but below 

the Doe Creek zone pick, then a yellow dot with a black 
Slashis the designation (Pig, 4 —"“well Bj." ir at intersects 
the well at a point above both the Doe Creek sandstone and 

the zone pick, then a two-colour dot (green centre, yellow 
outside) is used (Fig 14 ~ well CL) Green indi cares that 

open marine deposition was occurring at time I, while yellow 
means that sandstone was deposited previously. 

Several other facies, designated by other colours, 
appear on Map 1. To the north, where time line I intersects 
many wells below the Doe Creek, another two-colour dot is 
used; yellow in the centre and blue outside. The blue desig- 
nates that Dunvegan sediments were being deposited at time I, 


but that Doe Creek sands (yellow) were to be deposited in 
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the near future (Fig. L5—-a)). “The relative centre of 
gravity percentage accompanying each dot gives an approxi- 
mate evaluation of how long away the Doe Creek sand de- 
position was from happening. 

In a few wells in the northern part of the map area, 
fa solid blue dot was plotted. @his represents Hacies in 
which Dunvegan deposition was occurring at time I, but 
where no Doe Creek sandstone was to form in the future 
(Rig y-Y5=b):: 

Finally, two more facies were plotted on Map 1. The 
sold purple dot is used for wells where time line I inter- 
sects Just below the Doe Creek Zone pick, but where no 
sandstone was developed (Fig. 15-c). The solid gceen dot 
is used where time line I intersects above the Doe Creek 
zone. pick, but where there was no sandstone developed 

(Pig .,1l5-d). 

Map I shows the distribution of the Doe Creek litho- 
facies at approximately one point in gechkegicm eine, given 
by theoretical time Tine Ine lt ssugdests that a NW ash 
trending zone of Doe Creek sands was being deposited at 

The sands were ultimately distributed over much 


thas time. 


of the map area. “To attempt Col show whis, “Cwo-coVvour coats 


were used, In addition, an isopach map of the Doe Creek 
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DISCUSSION AND INTERPRETATION OF THE LITHOFACIES MAPS 


Doe Creek: Map l. 

Due to lack of time, no Doe Creek core was examined. 
It has been interpreted as one of the last regressive sand- 
stones of the Dunvegan delta complex (Williams and Burk, 
V964). In Ji aoket it may have formed beat developed litho- 
facres Similar to those” or the’ Cardium and Bad Heart, How= 
ever, because Doe Creek core was neither examined nor inter- 
preted in relation to Log eharactertsti¢es,, HO” paleogeo- 
Graphical lithofacies were mapped for’ this on wae her 

Instead, the lithofacies were chosen on the basis of 
presence or absence of sandstone, and then by the position 
of the time Line I intersection on the log relative, to the 
Doe Creek. Sandstone was designated where the spontaneous 
potential response exceeded an arbitrary cut-off of -5 mv. 

Unlike the lithofacies mapped in the Cardium, this 
method of mapping did not produce a map showing the distri- 
bution of paleogeographical lithofacies zones at certain 
geologic time(s). However, it did produce a lithofacies 
map, and with the accompanying isopach map (Map 7), paleo- 
geographical interpretations may be suggested... 

In the cross section, Figure 13, the Doe Creek litho- 


facies in the Grande Prairie region appear to be diachronous 
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relative to time line I along an approximate north-south 
Girection 4+L£n? Mapes the lithofacies have been grouped 
into three broad zones, namely: 

Zone lL: lithofacies which were pre-Doe Creek 

Zone 2: lithofacies of the Doe Creek 

Zone 3: lithofacies which were post-Doe Creek 
The zones trend NW —- SE, therefore the lLithofacies are most 
strongly diachronous from SW to NE. The relative centre of 
gravity percentages calculated for zone 1 (Map 1) maintain 
this trend, showing that Dce Creek deposition was farthest 
away from occurring towards the NE, in relation to time 
cone i 

In zones 2 and 3 (Map 1), the Doe Creek lLithofacies 
undergoes a facies change from sand in the NW to shale in 
the SE. This suggests shallowing and possible source area 
for these these sands towards the NW, 

On the other hand, the Doe Creek isopach (Map 7) 
shows a series of SW - NE trending thicks separated by thins. 
The thicks could be interpreted as deposits of stream 
channels hata carried sands from a source area probably 
in the SW, or as bars paralleling depth contours. Without 
core examination a choice between these interpretations is 


hazardous. 
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Cardium and Bad Heart: 

Time line mapping produced maps showing the distri- 
bution of the Lithofacies of the Cardium and Bad Heart 
Formations at five different approximate times across the 
area (Maps 2 to 6). 

Tame Lis Map 2: 

This time line intersects every well in the marine 
shales below the Cardium Formation and below any Cardium 
sandstone. It shows that at time II, the Grande Prairie 
region was inundated by a vast open marine sea, 

Time, fle: “Map 3: 

This time line also intersects most wells below the 
Cardium, However, in the southern portion of the map area, 
it intersects several wells in the Cardium sandstone, indica- 
tive of the beach/barrier Lithofacies zone, In one weil to 
the SW, time line III intersects the highly resistive shales 
of the lagoonal zone. 

Therefore, at time III, the initial Cardium sands 
originating from the uplizted mountains, presumably to the 
west, began to prograde seaward from the south, The sands 
were probably deposited as beaches and/or barrier islands, 
protecting the environment landward, This is indicated by 


the one well to the SW, which is intersected in the initial 
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deposits of a restricted bay. 

Time line III intersects the C. & E. Saddle Hills 
9-28-75-7 W6M well in poorly developed Cardium sandstone 
lithofacies. It is interpreted to have keen a localized 


development of an offshore Dace 


mime IV: ~ Map ri 

Time Line IV intersects almost every well in the 
MorEnern pertion of the map area below the Cardium, it 
intersects most of the wells of /the central portion of 
Map 4 in Cardium sandstone, and mearky every well towards 
the south in the lagoonal zone, 

Therefore, at time IV, a well developed beach/barrier 
zone, trending roughly NW — SE, had prograded northward 
halfway across the map area. Extensive lagoonal or re- 
stricted bay zone deposits followed. To the north, open 
marine sediments continued to be deposited, except for some 
Limited offshore bar development around the same location 
discussed in Map 3. 

In the Atlantic Pan Am Nell 12-13-63-2 WOM well to 
the SE, time line TV inberecels. tue well above the lLagoonal 
zone, This “anomaly” is explained in the following dis- 


Cussion of Map 5. 
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Time Vi Map 5: 

This line intersects only a few wells to the NE 
below the Cardium., Most of the wells in the north were 
intersected in the Cardium sandstone, indicating that 
beach/barrier deposition had prograded farther northward, 
Two lithofacies were plotted for the Cardium sandstone; 
one symbol designates well developed sandstone, the other 
indicates sandstone that is rather poorly developed, The 
distribution of Cardium sandstone maintained an approximate 
NW — SE trend at time V. The restricted bay or Lagoonal 
lithofacies zone south of the beach/barrier zone approached 
its maximum extent in time Ls 

On Map 5 there is an additional lithofacies south of 
ihe Vagoonal* zone. Ths facres, =raentrried by "a "dlirerent 
symbol, represents the marine Muskiki muds deposited after 
the Cardium and DILLON GO “ene bad euieaL ty 

Tt has been shown that the lower contacts of Creta-— 
ceous brackish and fresh-water clastic wedges (of which 
the Cardium is an example) are appreciably diachronous, in 
response to slow regression of the sea (Russell, 1939; Ber-— 
ven, 1966, p, 210), ° This has shown up on the lithofacies 
maps discussed so far, On the other hand, transgressions 


were relatively rapid, and the upper boundaries of the 
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wedges are essentially synchronous (Russell, 1939; Fig. 
Sp. O77, .quoted by Berven, 1966) - 

in this) study, the’ prunciapresor aa 
being synchronous was not followed when the theoretical 
time cies were devised. The contact of the upper Cardium 
Formation with che Lowermost Muskiki shales is easily found 
en most elecerrca logs (Fig. 416) seethis will De ceferred te 
ae theoretical jtime Line “omega” stPigs 17) ,swhich differs 
somewhat from the theoretical time lines calculated on the 
basis of the First and Second White Specks markers. 

If a, transgression-occurred Wapidly acrossethe Grande 
Prairie region, then time Line omega is more accurate than 
theoretical time line V. A map drawn of the lithofacies 
just above time line omega would show only the transgressive 
open marine shales which overlie the Cardium. 

Forithe wells plotted on Mapes, time Dineeay occurs 
higher and lower than omega, progressing from south to 
north respectively. Theresore, “En the southern parte of 
the map area, time line V intersects many wells in the 
Muskiki marine shale that overlies the upper Cardium 
lagoonal facies (Fig. 17). 

Tin Russell's view, the contact of the uppermost 


Cardium lagoonal muds with the lowermost marine shales 
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of the Muskiki is disconformable. The contact was not 
examined in cores from the Grande Prairie region. However, 
it has been ee eann Ghie: POGuintlis: The Muskiki 
Formation consists of marine shales which lie with slight 
aisconformityson the Cardium Foomation. A thin bed of 
pebbles or conglomerate is commonly present at the base 
or “che shaves, (Stott, 196%; pp. Tse 

In the subsurface, a disconformity at the Muskiki - 
Cardium contact probably occurs, and may be characterized 
by pebbles or conglomerate which show up as deflections on 
the ed REL potential légs im somefwelle (Fig. 18). 
The disconformity was probably widespread, although the 
S.-P. logs often fail to gweveal Mty pine disconrormmicy 
may not always be associated with pebbles or conglomerate, 
but rather simply have mud (Muskiki) on mud (Cardium la- 
goonal facies): Even jf present, a shale clast or pebble 
zone may betoo thin to besrecouded om 5.) PR. logs. fin 
most logs) a neticeable Dueak im Eme resistivity boy 
usually marks the disconformity. 

A true time line would not cross this disconformity. 
In wells indicated in the southern portion of Map 5, theore- 
tical time line V crosses above the Cardium - Muskiki dis- 


conformity, or omega. Therercre; tie Muskiki shale litho- 
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facies as shown represents an area of either non~deposition 
in Cardium time, or the location of previous lithofacies 
(Cardium lagoonal lihofacies) since partly removed. 

Suppose time line V never intersected the disconfor- 
mity (or omega), but remained below and roughly parallel 
tovuit? ‘then “all of the wells ‘south *of thé beach/barrier 
lithofacies would show Cardium lagoonal lithofacies. In 
Map 5 the disconformity makes a considerable discrepancy 
in the accuracy of time line V, causing Muskiki shale 
lithofacies, a facies not time-equivalent to the Cardium 


sandstone, to cover more than one-third of the map area. 


Time VI: Map 6: 

With a few exceptions, time line VI intersects wells 
giving lithofacies associated with the Bad Heart Formation. 
Two “exceptiions’ occur “due to light singecuracy™in “the choice 
of time’ line. 

Exception 1: The Cardium pedeh/barwier lithofacies indi- 
cated to the extreme NE of the map area had already been 
deposited. This was the furthest northern extent of sand 


progradation mappable in the subsurface; the Cardium was not 
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found in the subsurface north, of township, 77, in .the 


Grande Prairie region, 


Exception 2: There is an anomalous occurrence of lagoonal 
Pere tion associated with the Cardium, in the Shell 
ae River 6-34-66-4 W6M and Arco Sinclair Gold Creek 
6-36-66-4 W6M wells. This arises because time line VI 
intersects the two wells just below, rather than above 

the Muskiki - Cardium disconformity, and is therefore a 
manifestation of the same problem discussed in Map 5, 

At time VI, a NW — SE tranding zone of Bad Heart 
sediments had prograded across Usrt.of tie Grande Prairics 
region, Bad Heart sandstone is indicated on Map 6 where 
time line VI intersects the Bad Heart zone in wells having 
Cosresponding appreciable negative, response of the S$, .P. 
Log... it.was- found that, development jof sandstone plitho— 
facies in the Bad Heart occurred in only about one-third 
of the wells in this zone. The Bad Heart sands, then, 
were more poorly developed than those of the Cardium, and 
may have been deposited as inefficient offshore bars which 
were periodically destroyed by changing conditions, 

Landward, in wells where the Bad Heart sandstone was 


well developed, there probably followed a zone of lagoonal 
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factes, Samilar to that founds in woe Cardium.- This ws 
characterized on some logs by high resistivity, probably 
indicative of carbonaceous content in the muds (Fig. 19~a).. 
Where the sandstone was not as well developed, the logs 

do not seem to indicate lagoonal facies (Fig. 19-b), and 
therefore it is likely that the area landward of the poorly 
developed bars was fairly unrestricted and remained essen- 
tially open marine. Not enough Bad Heart core was examined 
in relation to the logs to justify interpretation of de- 
tailed facies from them. For this reason, the lithofacies 
of the Bad Heart Formation were based simply on the pre- 
sence or absence of sandstone, as explained earlier in 
Table 2. 

In the southeastern portion of the map area, another 
lithofacies is found (Map 6). This indicates wells where 
time line VI intersects the Logs just above the Bad Heart 
zone. This means that in these wells, by time VI, Bad 


Heart deposition had aleecady beem completed: 
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Figure 19-a. 

Development of possible Bad 
Heart Lagoonal lithofacies 
associated with well deve- 
loped Bad Heart sandstone. 
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Figure 19-b. 
Apparent lack of 
development cf Bad 
Heart lagoonal 
lithofacies. 
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Chinook: “Map 8% 

Chinook sandstone examined from core in the Bailey 
Selburn-Regent-C. F. P. Trail 15-30-64-9 WOM well is similar 
to the Cardium and Bad Heart. It consists of interlLaminated 
and burrowed silty shale at the base, grading upwards into 
tabular laminated sandstone, then becoming slightly carbona- 
ceous towards the top. It differs from the Cardium and Bad 
Heart in that Lt is (very -gqlauconmitic -and* contains» some thin 
beds of conglomerate. 

An isopach map is drawn of the Chinook sandstone (Map 
So). . L&his. possabletoe pick a Chinook zone from resistivity 
tegs; but for the purpose of isopach mapping sandstone is 
pleked"€rom’S. -P. curves "only where deflections exceed an 
arbitrary cut-off of - 5mv." Most: of the sandstone is dis= 
tributed! Sporadically towards the west of the*map areay 
giving the eastward extent of Chinook sandstone migration 
into the Grande Prairie region. 

The Chinook is not found in the subsurface on logs 
HorvnvrorPthe®linesshown on Map S:- 

The Chinook sandstone is the last Smoky River Group 
regressive deposit, being deposited in association with 
tectonism in the Cordillera in the late Santonian as shore- 
Line conditions migrated eastward across the present foothills 
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SUMMARY 


Throughout Late Cretaceous time the Grande Prairie 
region was occupied by a broad, epeiric sea, periodically 
subjected to influxes of terrigenous clastics originating 
from an area of uplift then carried in by streams from the 
SW. The first sand to be deposited belonging to the Smoky 
River Group is the Doe Creek. It originated to the SW and 
migrated northeastward across the area as a NW —- SE trending 
zone. When conditions changed, the marine Kaskapau shales 
were deposited as the sea transgressed across the area, 

With shallowing during the late Turonian, terrigenous 
elastics of the Cardium Formettom were depostved: "Detailed 
core examination and interpretation of the Cardium showed 
it to be a regressive sequence, grading bottom to top from 
open marine and lower’ Shoreface™ shales and Silty shales,. to 
massive middle shoreface and tabular laminated upper shore- 
face sands, through to carbonaceous lagoonal or restricted 
bay mudstones, interrupted occasionally by cross-laminated 
channel sandstones. 

With renewed subsidence during Coniacian time, the 
Cardium lLithofacies were overlain by marine Muskiki shales. 
hater, the sea began to shallow once more with the onset 


of deposition of the Bad Heart sandstone. The Bad Heart, 
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examined ina few cores, appears to grade from marine at 
the base to non-marine towards the top, but has not 
developed the various he recognized lithofacies seen 
in the Cardiun. 

Mapping the Cardium and Bad Heart sandstones re- 
gionally over the map area involved using theoretical time 
lines calculated for each well on the basis of given dis- 
tances between the First and Second White Specks markers. 
Most of the lithofacies were determined from log charac— 
teristics which had been correlated with several examined 
cored intervals. Maps were produced which showed the 
position of the hee and Bad Heart lithofacies at five 
eS Fale times across the Grande Prairie 
region, 

At time II the area was inundated by a vast open 
marine sea. By time III, a zone of Cardium beach/barrier 
Lithofacies began to prograde northward originating from 
the southern part of the map area. A well developed beach 
or barrier island zone trending NW —- SE, had migrated half- 
Way across the map area by time IV. 

The shoreline had moved farther northeastward in time 
V, leaving an extensive lagoon behind, and to the south of 


this, an area indicated as Muskiki shale facies. This 
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76 
shale is not time-equivalent to the Cardium sandstone, but 
the area so designated represents a zone of either non- 
deposition in Cardium time, or the location of previous 
Cardium non-marine Lithofacies, since partially removed 
by the marine transgression of the Muskiki. 

By time VI, the Bad Heart sandstone had prograded 
as a NW —- SE trending zone across about half of the map 
area. The Bad Heart zone having well developed sandstone 
occurs in only one-third of the wells, possibly indicating 
rather inefficiently developed beaches and/or barriers. 

The water deepened somewhat after deposition of the 
Bad Heart, followed by deposition of the Puskwaskau shale 
Guring late Coniacian and early Santonian time. 

Onset of tectonism in the Cordillera in the late 
Santonian produced the Chinook sandstone found in the 


subsurface along the western edge of the Grande Prairie 


region, 
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